Human sequences that are related to the mouse mammary tumor virus (MuMTV) genome were cloned from breast tumor cell DNA. Of 100 recombinants, only 1 hybridized with two different probes from separate regions of the MuMTV genome (gag-pol and long terminal repeat [LTR]). This sequence, NMWV 4, was shown to have a proviruslike structure. Hybridization to digests of normal and tumor cell DNA indicated that NMWV 4 and a few closely related sequences are endogenous to the human genome. The regions that contain homology to the MuMTV LTR were sequenced. Long repeated sequences with the hallmarks of retroviral LTRs were identified. The NMWV 4 LTR contains transcription initiation and termination signals and is flanked by a polypurine tract (5' LTR) and a primer-binding site (3' LTR). The primer-binding site is complementary to tRNA lysine, the primer used by MuMTV and HTLV-III. The polypurine tract is also similar to those of these two retroviruses.
Retroviruses cause diverse neoplasias in many animal species (23) and recently, exogenous retroviruses have been identified that are thought to induce leukemias in humans (25) . In certain inbred strains of mice, the mouse mammary tumor virus (MuMTV), a type B retrovirus, and steroid hormones act together to induce mammary tumors. Studies in vitro demonstrated that the long terminal repeat (LTR) contains binding sites for the glucocorticoid receptor (11) within a glucocorticoid-dependent enhancer element (2; Fig.  1B ). Insertion of the MuMTV LTR adjacent to and activation of cellular oncogenes intl and int2 have been implicated in mammary carcinogenesis (9, 12) .
It has been suggested that a retrovirus related to MuMTV may be involved in the etiology of human breast cancer. We (8) and others (1, 4) have recently shown that human DNA contains sequences that are related to MuMTV. Most of the sequences identified appear to be endogenous to the human genome. A genomic library was subsequently prepared from the DNA of a human breast cancer cell line, MCF-7 (18) , and screened for MuMTV-related sequences (24) . It was shown that there are in the order of 50 MuMTV-related sequences per haploid genome. Furthermore, homology between different human sequences and MuMTV DNA varies considerably (24) .
Retroviral LTRs contain the control regions for initiation and termination of retroviral gene transcription. In addition, the MuMTV LTR contains the recognition sites for the binding of the glucocorticoid receptor and the enhancer sequences that have been implicated in carcinogenesis (2, 5) .
To establish whether human MuMTV-related sequences resemble retroviral proviral DNA, we investigated the possibility that human MuMTV-related sequences contain a functional LTR. From a large number of recombinants, we identified one that hybridizes with the MuMTV LTR and contains a provirallike structure. Sequence analysis unam- biguously identified characteristic LTRs that contain the recognition signals for initiation and termination of transcription at both termini of the human provirus. * Corresponding author.
MATERIALS AND METHODS
Cloning of MuMTV-related sequences. The construction of the genomic library from DNA prepared from the estrogenresponsive breast cancer cell line MCF-7 (18) by using the bacteriophage vector EMBL 3A has been described previously (24) . This library was screened for MuMTV-related sequences by using the 4.0-kilobase (kb) PstI fragment derived from the gag-pol region of the MuMTV genome isolated from GR mice (6; Fig. 1) . A total of 100 recombinants that hybridized with a range of differing intensities were purified.
Subcloning. Restriction fragments of the recombinant that hybridized with two different probes from separate regions of the MuMTV genome, NMWV 4, were subcloned into plasmids (pBR322 and pUC8) or the phage (M13mp10, M13tgl30, and M13tg131 with a dot. After transfer to nitrocellulose, the DNA was hybridized at low stringency with the gag-pol probe (Fig. 3A) . This tion. DNA was labeled with 32P by nick translaprobe hybridized to an internal EcoRI fragment of 4.05 kb.
:ific activities of 5 x 108 cpm/,lg. Filters were The length of the homologous sequence detected was not prehybridized for 24 h at room temperature, and then they were hybridized for 4 days with 0.5 x 106 cpmlml at 37°C. The stringency of the prehybridization and hybridization was altered by changing the concentration of formamide. The prehybridization, hybridization, and washing solutions contained the same percentage of formamide and were formulated as described previously (8) .
RESULTS Identification of an MuMTV-related recombinant, NMWV 4, that contains sequences related to the MuMTV LTR. A total of 100 recombinants that contained sequences related to the gag-pol region of the MuMTV genome were isolated from a human breast cancer cell genomic library (24) . To identify recombinants that are likely to contain a human MuMTV-related provirus, the 100 recombinants were hybridized with probes derived from other regions of the MuMTV genome (5, 6; Fig. 1A) .
The LTR and 120 base pairs (bp) of unique untranslated leader sequence of the gag gene are contained in the 1.45-kb PstI fragment (LTR probe), most of the gag gene in the 1.1-kb PstI fragment (gag probe), the remainder of the gag gene and the pol gene in the 4.0-kb PstI fragment (gag-pol probe), and the env gene in the 2.0-kb fragment (env probe) (Fig. 1) .
The nick-translated MuMTV subgenomic fragments were hybridized to DNA from each recombinant immobilized on nitrocellulose as described above. The autoradiograms obtained after hybridization under the relaxed conditions that were originally used to identify the recombinants are shown in Fig. 2 . All four probes hybridized to MuMTV DNA (Fig.  2 , position Al). The intensity of the background hybridization is defined for each probe as the level of hybridization to 12 (Fig. 3A) . No sequences hybridizing to the three probes is shown in Fig.  th (Fig. 3) . It hybridized to itself and to the two fragments from which it is derived, i.e., the 1. (Fig. 4) (Fig. 5, underlined) around the sequence TATAAA. The presumed duplication has resulted in the related sequence GATAAA at positions 231 to 236.
The NMWV 4 sequence was compared with the LTRs of MuMTV and other retroviruses (Fig. 6) 4 show between 60 and 80% homology with sequences in both binding region I (within the LTR) and II (within the pol gene region) of MuMTV (Fig. 6B) .
The more extended regions of sequence similarity (>65% homology over (17) , and bovine leukemia virus (14) , and (B) the LTR of NMWV 4 and the glucocorticoid receptor-binding regions of MuMTV (11) (Fig. 7) . The approximate lengths indicate that one of the two most prominent fragments corresponds to the sequence contained within NMWV 4. The hybridization profile in placental DNA is identical to that obtained in MCF-7 cell DNA (Fig. 7) . This (1) (Fig. 1, position C5 ) and the HM family described by Deen and Sweet (4) (Fig. 1 Alignment of the homology between MuMTV and NMWV4 and back-hybridization of the subcloned 4.05-kb EcoRI fragment to restriction digests of NMWV 4 demonstrate that the gag-pol-related DNA is located in one discrete region of the human DNA sequence. This region is flanked at both ends by human DNA sequences that hybridize to the MuMTV LTR probe (Fig. 3) .
Neither of the regions hybridizing to the MuMTV LTR probe (the 0.74-kb BgiII-EcoRI and the 0.72-kb BglII-SacI fragments), however, cross-hybridized with DNA at the opposite end of the putative proviral unit under the stringent conditions used for this experiment. Sequences within the 0.78-kb EcoRI-BgiII and the 0.54-kb EcoRI-BglII fragments that are located at either end of the proviral unit did, however, cross-hybridize (Fig. 4) The two LTRs are matched for approximately 90% of their sequence. The differences between the two LTRs probably result from base changes arising after the integration of the provirus into the genome, and they include one duplication or deletion of 6 bp. Differences between the LTR sequences of endogenous retroviruses are well documented and were noted for the Moloney murine leukemia virus-and intracistemal A particle-related retroviral sequences that are present in human DNA (10, 16). It is important to determine whether the MuMTV-related sequences in human DNA are inactive or whether these sequences contain functional signals that result in the expression of viral mRNA and proteins. The NMWV 4 LTR contains consensus sequences for both initiation and termi-nation of transcription, and these sequences are located in the same positions relative to each other as they are in HTLV-III and type C retroviruses. These putative sequences are further apart than they are in MuMTV and in the opposite orientation to those in HTLV-I and HTLV-II. The expression of this endogenous retroviral sequence in human cells is now being examined.
